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The second Plasma Interactions Experiment (PIX-II) was launched In Janu- 
ary 1983 as a piggyback on the second stage of the Delta launch vehicle that 
carried IRAS Into orbit. Placed In a 870-km circular polar orbit, It returned 
18 hr of data on the plasma current collection and arcing behavior of solar 
array segments, biased to ±1000 V In steps. The four 500-cm 2 solar array 
segments were biased singly and In combinations. In addition to the array 
segments PIX-II carried a sun sensor, a Langmuir probe to measure electron 
currents, and a hot-wire filament electron emitter to control vehicle poten- 
tial during positive array bias sequences, like Its predecessor, PIX-I, 

PIX-II was designed, built, and tested at the NASA Lewis Research Center. 

This paper provides an overview of the PIX-II experiment from program and 
operational perspectives. 


INTRODUCTION 

Most US. spacecraft to date have used low- voltage solar arrays, generat- 
ing power at ~30 V-. The Highest voltage array flown by NASA was. on Skylab, 
whleh had an array voltage of 70 to 115 V and generated 16 kW of power. Space 
stations and other large future systems will require Increasing power genera- 
tion capability. As power levels Increase, the weight and I 2 R power loss 
penalties for maintaining low solar array voltages Increase dramatically 
(refs. 1 to 3). Power systems generating hundreds of kilowatts are required 
for such missions as the space station. At these power levels, voltages of at 
least a few hundred volts are required to reduce Internal resistive losses 
within the array and to reduce the wiring harness mass required to transport 
the power. This need to operate at higher voltages has spurred evaluation of 
high-voltage solar array operation in space. 

Solar array systems consist of strings of solar cells with metallic Inter- 
connects between them. These Interconnects are at voltages that depend on 
their positions in the array circuit and are usually exposed to the environ- 
ment. When these systems are placed In orbit, they will Interact with the 
naturally occurring space plasma. Two types of potentially hazardous Inter- 
actions to an Isolated solar array In orbit are presently recognized: power 

loss from parasitic currents through the plasma, and arcing. Both of these 
Interactions are plasma density dependent and present greater hazards at 
higher densities. The low temperature Ionospheric plasma has a peak density 
(of ~10° particles/cm 3 ) at about 300-km altitude (ref. 4). High-voltage 
system - plasma Interactions will therefore be most severe In low Earth orbits. 

The PIX-II experiment was conducted to provide flight data on high-voltage 
solar array - plasma Interactions. These daca are being analyzed to calibrate 
ground simulation results and to guide and validate modeling efforts. This 
paper presents the background, describes the experiment, and summarizes the 
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operational sequences that characterize the data set. The followlna naoers 
describe seme results of the data analysis. rouowing papers 

BACKGROUND 

investigation- of Interactions between high-voltage systems and thermal 
plasmas was begun In the late 1%0's. Experimental work, using small segments 
SL!!!n ar *711* f d Insulated electrodes with pinholes indicated that the 
th ?« n 5? l4 J ofs caus ® d plasma current collection phenomena that 
fan ^ j[. ^em the predictions of tangmulr probe theory. Experl 
*J nt J 1 ??i C w ted ^ 9reatly enhanced electron collection at voltages In excess of 
arC l°? 6 \ Solar array se9ments b1ased several SunSreS 5oUs 

t0 p7a f ma around. Concern for the Implications of these 
souimIS^ h1 9 b - vo1ta 9 e systems In orbit prompted the development of the 
foutH^ S pa ^ e p l asma hlflh Voltage Interactions Experiment) satellite (r«f 51 

SMlJrtJS.'* 6arl> 19,4 bUt ,a ” ed l ° a?t ”" “ r "‘ due to% launch ' 

an Interaction that had been found to be hazardous for geosynchronous space-* 
Sr a J* an J ^tenslyely studied by NASA and the Air Force* in the late 
1970 s. Interest In high-voltage Interactions again Intensified, and their 

5i?jLrMn r6 T e 2 U ? der J he ausp1ces of the J°^t NASA/USAF Environmental 
Interactions Technology Investigation (ref. 6). The ground technology program 

expe rlinental facilities at NASA and USAF centers and build? ™ 
the modeling capabilities developed during the spacecraft charging Investlga- 
tlon, as well, as using the earlier high-voltage-study results (refs 7 to 121 

L1 S - V eVel0P . 9Uld ? 11nes and anal yt1cal tools to gu?de ‘design o ‘ 
large high-voltage systems In Earth orbit. The approach Is to perform exDerl- 
ments and develop models In an Interactive program In which experimental 
results are used both to guide and validate the models. 

Ha . I?® abound technology programs require complementary flight experiment 
data to calibrate the ground-based testing, to guide and validate the models 
and to Investigate experimental conditions not obtainable In ground facilities 
J5?x [ KJ U K h ^ ata , Were obta1ned b y the Plasma Interaction eXperlment-l 

Wh £ h fle V 1978 as a Payback on a second-stage Oelta launch 

vehicle. It remained with the Oelta stage, operating In a 900-km circular 

near-polar orbit for 4 hr. About 2 hr of data were returned by real-time 

ol JOt m1 h S l! n t1m ! ? aS nm1ted b y the lifetime of the second-stage 
DeUa s telemetry battery; data return was limited by the real-time recovery 

requirement The PIX-I results verified that the electron collectfon eZnce- 

?ref h henome na observed In ground tests also occur In space 


THE PIX-II EXPERIMENT 
Objectives and Approach 

The basic objectives of the PIX-II experiment were to acoulre m„ht 

ca ] 1brat1 "9 the around simulation facilities and In developing ajd 
alldatlHg models* Because the orbital environment cannot be duplicated oh 

fJL 9r ° Un J’ data are required to evaluate the effect of simulation 

Inadequacies on the plasma collection and arcing response of solar arrlys. Of 
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particular concern for PIX-II were the current collection and arc threshold 
behavior of array segments In proximity to one another. 

The approach chosen was to divide the experimental array Into four Inde- 
pendently blasable segments, each of area about 500 cm 2 . These were biased 
In a preprogrammed sequence In various combinations, In voltage steps to 
11000 V. Currents collected by each of the array segments were measured by 
electrometers. A hot wire filament electron emitter was Included to avoid 
large negative potential excursions of the vehicle during high positive bias 
conditions on the arrays. A spherical langmulr probe and a sun sensor were 
Included to provide plasma diagnostic and orientation Information. The package 
was designed as a piggyback experiment to remain with the second stage of a 
Delta launch vehicle. 


Experiment System 

The PIX-II experiment was designed and built at Lewis. The design was 
based on- that of PIX-1, with a number of changes Incorporated to Improve the 
quality and quantity of data obtained. 

PIX-II consisted of two major subassemblies: the electronics enclosure 

box and the experiment plate. These were located- 180° from each other around 
the Delta's circumference (fig. 1). 

The experiment plate (fig. 2) was 91.4 cm (36 In) In diameter, truncated 
to 81.3 cm (32 In) at the top to fit the launch vehicle. The four-segment 
solar array, 48.3 by 40.6 cm (19 by 16 In), was located on the front center of 
the plate. The 134° acceptance angle sun sensor was located 5.7 cm (2.25 In) 
above the solar array and 7.0 cm (2.75 In) to the left of center. 

For thermal control the space-facing side of the experiment plate, except 
for the arrays, was covered with a single layer of 2.5xl0~ 3 cm (1 mil) alu- 
minized Kapton coated with a black conductive paint (Sheldahl 0113600), black 
side out. This sheet was attached to the plate with Kapton tape and stainless 
steel screws, the latter providing electrical grounding for the black coating. 

The solar cells used on the PIX-II program were flight-qualified cells 
Identical to those used on other flight programs. The cells were 2- by 2-cm 
silicon solar cells 0.03 cm (0.012 In) thick with a bulk resistivity of 
10 ohm-cm. The coverslldes were type 7940 silica 0.05 cm (0.02D In) thick. 

The cells were configured In segments, each consisting of 19 series-connected 
submodules. Each submodule consisted of six parallel-connected solar cells. 
There were 114 solar cells per segment, so the the total number of cells flown 
was 456. For comparison, 24 Cells were flown on PIX-I. The peak power capa- 
bility of the solar panel was 25 W, but no power was drawn from the cells 
since each segment was shorted from one end to the other. 

Each segment was mounted on a fiberglass sheet. All four segments were 
bonded with polyurethane adhesive to a 0.013-cm (5-mll) thick, 40.6- by 
53.3-cm (16- by 21 -In) Kapton sheet to achieve good electrical Isolation. The 
Kapton sheet was bonded with polyurethane adhesive to a 0.95-cm (0.375-1n) 
thick aluminum substrate of the same dimensions as the sheet. This assembly 
was bolted to the experiment plate. 


The sun sensor, used to Indicate the test array orientation relative to 
the sun was a vertical multifunction solar cell. It worked Into a fixed 
resistor to provide a 0- to 4-V signal whenever the Sun was. within Its 134* 
field of v4ew. tts_locat Ion-on the experiment plate is shown In figure ?. 

The electronics enclosure box (fig. 3) was a- rectangular structure SO. 4 
by 54.6 by 30.5 cm (33 by 31.5 by 13 In). It housed the experiment electron- 
ics and battery and supported the deployable Unqmulr probe and the hot wire 
filament electron emitter probe. The outside surfaces of the box were covered 
with a multilayer Insulation (MU) blanket of 0.00354 cm (1 mil) aluminized 
Kapton. The outer facing layer was 0.00354 cm (l-mll) aluminized Kapton cov 
©red with an electrically conductive black coating of Sheidahl G1 13600, black 
side out. The MU blanket and black coating were electrically grounded with 
straps connected to the structure. 

The Interior of the enclosure box consisted of three stiffened trays of 
shelves to which the various electronics boxes and the experiment battery were 
attached . 

The high-voltage power supply provided a programmable voltage to the 
PI X- I I solar array experiments via the electrometer package. It was program- 
mable to provide 32 Voltage steps from 0 to 1 kV. It accepted 24 to 32 V dc 
Input to a maximum power of 110 W and outputted 0- to 1 -kV positive voltages 
at 80-mA maximum current and 0 to 1 kV negative voltages at 4-mA maximum 
current . 

The PIX-II electrometer provided four Independent channels, one for each 
array segment. The electrometer floated at the high-voltage supply potential 
and measured electron currents In the range 1 yA to 80 mA (positive voltages) 
and Ion currents of 0.01 yA to 1.0 mA (negative voltages). In addition to 
measuring collected plasma currents, the electrometer box Incorporated the 
high-voltage-array switching function. 

The experiment command sequencer and data multiplexer unit (SEQ/MULT) 
controlled the operational configuration of the experiment while collecting 
and compiling data from the remaining electronics subsystems. The command 
sequencer was a read-only-memory-based controller that was preprogrammed to 
the desired flight sequence before launch. After executing the preprogrammed 
sequence (8 hr, 53 min, 20 s after turnon), the sequencer cycled to the start 
and repeated It. The data multiplexer collected and compiled experiment Infor 
matlon and formatted It Into a serial stream for use by the Delta transmitter. 
The SEQ/MULT box also housed the data storage unit, a solid-state memory that 
was Included to ensure full-orbit data coverage. 

The power control unit (PCU) provided power conditioning, control, and 
distribution for PIX-II and Interfaced to the Delta. It served as the single- 
point ground reference for the experiment and provided power returns to each 
component. The PCU box also housed the electronics associated with the hot- 
filament emitter. 

The battery provided power to the entire flight experiment. It contained 
18 silver-zinc cells rated at 1 5- Ah capacity In a sealed case. 

The Langmuir electronics unit operated the Langmuir probe to provide a 
measurement of plasma density. The probe voltage could vary from -20 to 
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♦110 If In steps, ahd currents In the range 10"® to 10“* A could be recorded. 

The probe voltage stepped through Us range (in 5- and 10-VL steps) during 
probe sweeps. When not sweeping, the probe voltage was held at +50 V. The 
Langmuir probe was located on one side of the electronics enclosure box 
(figs. 1 and 3). It was stowed during launch and deployed 00-* to the side of 
the box after the Oelta^s depletion- burn. Overall length of the assembly was 
71.1 cm (28 In). The probe Itself was a 1.9-cm (3/4-1n) diameter aluminum 
sphere. 

Like the Langmuir probe the hat-filament emitter was attached to the 
electronics box and deployable by using an Identical release mechanism. It 
deployed 90° from the face of the electronics box (approximately radially out- 
ward from the Delta vehicle). The filament's purpose was to emit electrons to 
neutralize the charge collected when the solar arrays were at high positive 
bias In order to minimize charging of the Delta vehicle under these conditions. 

The flight hardware underwent thermal -vacuum, vibration, shock, and plasma 
testing a n d a f unctional electrical checkout before launch- 

The Flight 

PIX-II was launched with IRAS on Delta launch 166 on January 25, 1983, at 
9:17 p.m. e.s.t. (01.-26-83, 03:17 G.m.t.). PIX-II was activated at 03:28:20 
S.m.t. on January 26, after release of IRAS. Lts orbit was 870 km circular, 
100° Inclination. PIX-II was near the terminator and experienced eclipse con- 
ditions far about 8 min per 103-mln orbit, near the north pole. Experiment 
duration was Umlted by the lifetime of the Delta telemetry battery and the 
experiment battery. Design life was 10 hr. In fact, PI X- II. returned about 
18 hr of data as both real-time data and memory dumps. The experiment oper- 
ated nominally except that full deployment of the Langmuir probe was uncertain. 
The probe was released f-rom Its stowed position, but the signal Indicating 
latching Into the fully deployed position was not received. The attitude of 
the Delta vehicle was variable since there was no active attitude contrdl, 

Data Obtained 

Figure 4 summarizes the PIX-II experimental arrangement from the "science" 
point of view. The four array segments were biased Independently In various 
combinations to ±1 kV In steps and the collected currents measured In a pre- 
programmed sequence. Langmuir probe sweeps were done periodically as part of 
the sequence. The emitter was activated during most positive-voltage scans, 
although some were done with the emitter off to evaluate Its 
effectiveness. Electron currents of 10" 7 to 10 -2 A (positive voltages) and 
Ion currents of 10~® to 10“® A (negative voltages) were recorded. 

The voltage bias levels used were 0, ±30, ±60, ±95, ±125, ±190, ±250, 

±350, ±500, ±700, and ±1000 V, These were stepped through sequentially (e.g., 
0, +30, +60, etc.). Each voltage was held for 16 s for most voltage scans, 
although a few used 32-s steps. Currents In each electrometer were read at 
2-s Intervals. 

Table I summarizes the array bias scans and Langmuir probe operations 
conducted during one full program sequence, over a period of 8 hr 53 min 20 s. 
Two full program sequences and one partial sequence were completed during the 
flight. For clarity of presentation the array segments have been numbered 1 
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SUMMARY 


The PIX-I.I experiment was conducted to provide flight data on the Inter- 
actions, between high-voltage solar arrays and space plasmas. Understanding 
these interactions is critical to the design of high-voltage photovoltaic 
power systems for. iow-Earth-orblt- applications. Flight data are required to 
cal ibrate-ground simulations and to guide and. validate interaction modeling 
efforts, the PIX-I experiment flown In 197a returned- data that established 
that the current collection, and arcing phenomena observed In ground tests do 
occur In orbit. Like Its predecessor, PIX-It Was designed, built, and tested 
at the NASA Lewis Research Center- and flown as a piggyback on a second-stage 
Delta. The data set recovered Is far more extensive than that from PIX-I 
(18 hr of data with full orbit coverage as compared with 1 hr of real-time 
data) and focused -on the crucial solar array Interactions. Analysis and 
Interpretation of the data have been complicated by the lack of well-defined 
attitude. Information and the Influence of ram/ wake effects. Several signifi- 
cant results have been obtained. These Include evidence for lower arc thresh- 
olds la space than are observed on the ground; confirmation of the arc thresh- 
old voltage dependence on plasma density^ and evidence for tank wall effects 
at high positive voltages. Much remains to be done to evaluate fully the 
Information contained In the data base that PIX-LI's successful flight has 
provided. Data analysis and interpretation are continuing along several lines. 
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TABLE. I. - MX- 1 1 EXPERIMENT 
[One full program sequence. ] 
(a) Array bias scans .(0 to ilOQ 


Segment. 

Number of- — 

Number ot 


positive 

negative 


voltage scans 4 

voltage scans 

l 

12. (10) 

8 

2 



9 

2+3 



8 

1+4 



9 

1 +2+3 



8 

1 +2+3+4 



10 

Gradient 

3 

(3) 

3 


(b) Langmuir probe scans 


* -20 to +110 V (11 per sequence) 

• Held at +50 V when not scanning 


a Number In parentheses denotes 
number of scans daring which 
hot-wi re- f 1-1 ament emitter was 
activated — 















Electrometer 


Sequencer/ 

multiplexer 









